Background: A hallmark property of infectious prion protein (PrP Sc ) is its resistance to proteases. Results: We show that the extent of PrP Sc proteolytic resistance can be reversibly altered by changing salt concentration. Conclusion: Thus, protease resistance is not an intrinsic property of the infectious agent, but it depends upon the environmental conditions. Significance: These findings have practical and conceptual implications for understanding the mechanism of prion formation and clearance.
Prions are abnormally folded proteinaceous infectious agents able to self-propagate in their hosts (1) . In mammals, prions are associated with transmissible spongiform encephalopathies, a group of neurodegenerative diseases affecting a wide variety of species, including humans (2) . The main or sole component of the infectious agent in transmissible spongiform encephalopathies is a misfolded conformation (PrP Sc ) 2 of an endogenous protein termed PrP C that is expressed mainly in the brain. Although the exact role of PrP C in the normal physiology of the brain is still controversial (3), there is extensive evidence that its conversion into PrP Sc causes all transmissible spongiform encephalopathies, not only the infectious forms (4) .
In vitro replication of mammalian infectious prions was first achieved by cyclic PrP
Sc -seeded conversion of PrP C from uninfected brain extracts (5, 6) . Follow-up approaches showed later that highly purified PrP C and bacterial recombinantly expressed PrP can also be converted into an infectious form when RNA and lipids molecules are present in the mixture (7) (8) (9) , lending strong support to the protein-only hypothesis about the nature of prions (10) .
Histopathological analyses have shown the accumulation of PrP Sc deposits spread within the infected brains, sometimes in the form of amyloid-like plaques, resembling those observed in other pathologies such as Alzheimer disease (4) . When purified from brains, PrP
Sc is known to exist as amorphous insoluble aggregates that form rod-like particles upon protease treatment (11) . Biochemical studies have shown that PrP Sc consists of a broad size of aggregates, and smaller sized oligomers are believed to be the most efficient self-propagating species in vivo (12) . The unusual biochemical features of PrP Sc aggregates have precluded access to the structural details of these infectious particles (13) . Alternative approaches have therefore relied on low-resolution techniques such as transmission electron microscopy and atomic force microscopy (4, 13) . Size fractionation and protease-based assays have also complemented the biochemical analysis of PrP Sc (14) . These approaches have also been critical for the characterization of different prion strains, which are thought to be different PrP conformers that emerge from the same primary sequence (15) .
Brain-derived and recombinant PrP Sc are known to withstand high concentrations of protease treatment (14, 16) . The protease-resistant subpopulation of PrP Sc (PrPres) encompasses a C-terminal PrP fragment starting at around residue 90, with the exact position depending upon the prion strain. Although protease resistance is typically used as a biomarker for identifying and typifying prions, the mechanistic details responsible for acquisition of this property have not yet been elucidated. Protease-sensitive fractions coexisting with PrPres have been proposed as equally relevant in terms of infectivity, but the exact proportion of protease-sensitive and -resistant forms is yet unclear (17, 18) . Some studies have shown that PrP Sc protease resistance may be altered by environmental con-ditions (19) . In particular, the concentrations of sodium chloride and several metals can greatly change PrP Sc sensitivity to proteolysis (19) . Kosmotropic salts and copper can also induce misfolding of recombinant PrP into PrP Sc -like species in vitro (20) .
Here, we study in detail the influence of the environment on PrP Sc proteolysis. We found that protease resistance is an externally modifiable feature of PrP Sc that is highly dependent on ionic strength and protease concentration. Moreover, we provided evidence that ionic strength modulates sensitivity to proteolysis without affecting PrPres intrinsic features.
EXPERIMENTAL PROCEDURES

PrP
Sc Purification from Infected Brains-Brains loaded with 263K prion strain from terminally ill Syrian golden hamsters were collected for purification. To assess the effect of protease resistance on PrP Sc -enriched samples, we modified a previous protocol for prion purification from brains bypassing proteolytic digestion (21) . Four diseased brains were homogenized in 11.1% sarkosyl dissolved in nanopure water at 11.1% g/ml concentration. The mixture was divided in two equal volume halves and supplemented with 0.1 volumes of 200 mM Tris-HCl, pH 7.4, in the presence or absence of 1.5 M NaCl. Large pieces of debris were centrifuged at 800 ϫ g for 45 s at 4°C, and supernatant was carefully layered on an ϳ3.6-ml sucrose cushion containing 20% sucrose, 20 mM Tris-HCl, pH 7.4, Complete protease inhibitor cocktail from Roche Applied Science with and without 150 mM NaCl. Both mixtures were centrifuged at 150,000 ϫ g for 3 h at 4°C. Each pellet was recovered and resuspended in 2.5 ml of 0.1% Z3-14 detergent containing 20 mM Tris-HCl, pH 7.4, protease inhibitors, and the presence or absence of 150 mM NaCl. The resuspended pellet was then layered over a 3-ml 20% sucrose cushion supplemented with 0.1% Z3-14 followed by ultracentrifugation at 150,000 ϫ g for 3 h at 4°C. This last step was repeated once, and both pellets were resuspended in deionized water. The mixture was layered over a 3-ml 20% sucrose solution in water with or without 150 mM NaCl and ultracentrifuged at 150,000 ϫ g for 3 h at 4°C. The pellets were finally resuspended in 200 l of 20 mM Tris-HCl, pH 7.4, with or without 150 mM NaCl followed by 20 s of intermittent sonication until the pellets got clarified in the solution. When noted, purified PrP Sc samples in NaCl-containing solutions were dialyzed two times overnight at 4°C against a 250 dilution factor in 20 mM Tris-HCl, pH 7.4.
Purification of Recombinant PrP-Mouse and hamster recombinant PrP were purified using a previously reported protocol (21) . PrP-overexpressed Escherichia coli cell pellets were thawed and resuspended in buffer A (50 mM Tris-HCl, pH 8.0, 1 mM EDTA, and 100 mM NaCl). Cells were lysed by adding 0.5 mg/ml lysozyme and subsequently sonicated. The released inclusion bodies were pelleted by centrifugation at 22,000 ϫ g and then washed twice with buffer A supplemented with 0.05% (v/v) Triton X-100. The inclusion bodies containing recPrP were solubilized for 2 h with buffer B (10 mM Tris-HCl, 100 mM Na 2 HPO 4 , pH 8.0, 100 mM NaCl, 10 mM ␤-mercaptoethanol, 6 M guanidine hydrochloride) and then purified by using standard immobilized metal affinity chromatography procedure. Briefly, the sample was bound to nickel-Sepharose 6 Fast Flow resin (GE Healthcare) in batch mode for 1 h at room temperature and then washed with buffer B. recPrP was on-column refolded for 6 h and eluted with buffer B supplemented with 500 mM imidazole and without guanidine hydrochloride. The main peak was collected and quickly filtered to remove aggregates. The sample was buffer-exchanged using Zeba desalting columns (Pierce), further concentrated to ϳ0.5 mg/ml, and flash-frozen at Ϫ80°C. Protease inhibitors (Complete protease inhibitor cocktail from Roche Applied Science) were used throughout the purification to minimize degradation. The protein was confirmed to be monomeric and properly folded by SDS-PAGE, Western blotting, and circular dichroism.
Protease Digestion Assay-PrP Sc -containing samples were diluted at 1:20 ratio in 20 mM Tris-HCl, pH 7.4, in the absence or presence of 150 mM NaCl. The dilutions were treated with different protease concentrations using a 20 mg/ml proteinase K (PK) stock dissolved in water. Reactions were prepared at a 1:20 ratio of PK/diluted-PrP Sc (v/v) in 20 mM Tris-HCl, pH 7.4, with or without 150 mM NaCl, and incubated at 37°C for 4 h at 600 rpm agitation. For analysis, samples were boiled at 95°C for 10 min in denaturing loading buffer (NuPAGE from Invitrogen), enriched with 100 mM DTT (final concentration) followed by SDS-PAGE and immunoblotting. Briefly, samples were electrophoresed in 12% SDS-acrylamide gels (Invitrogen) followed by transfer to nitrocellulose membrane (GE Healthcare) for 1 h at 4°C in a buffer tank (Bio-Rad) containing 10% methanol, 250 mM Tris, and 2 M glycine. Membranes were blocked in 2% milk in washing buffer (saline buffer, 0.05% Tween 20) followed by incubation with monoclonal anti-PrP 3F4 antibody (Millipore) or polyclonal R20 (22) for 1 h at room temperature or 6D11 overnight. Membranes were washed three times for 10 min with washing buffer and then incubated in anti-mouse horseradish peroxidase-labeled IgG antibody for 1 h. After three 10-min rinses with washing buffer, membranes were treated with ECL-developing mix (GE Healthcare) and visualized on a Gel Doc station (Bio-Rad). For densitometry analysis, the density of the band intensity was measured by using ImageJ (open source image processor).
Equilibrium Sedimentation Analysis-Purified PrP Sc (50 l) was diluted with 1 volume of 20 mM Tris-HCl, pH 7.4, in the absence or presence of 150 mM NaCl. The 100-l mix was layered over a sucrose gradient cushion prepared as follows: stock solutions of sucrose in 20 mM Tris-HCl, pH 7.4, with or without 150 mM NaCl, were prepared at concentrations ranging from 5 to 70% (g/ml) in 5% increments. Starting from the 70% stock, 300 l of each stock solution were carefully layered over in an ultracentrifuge tube in decreasing order of sucrose content without mixing the solutions. Once PrP Sc dilution was carefully added (without mixing), the tubes were ultracentrifuged at 150,000 ϫ g for 24 h at 4°C. After centrifugation, the sedimentation gradient mix was carefully collected in 315-l samples each representing different sucrose concentrations. Samples were boiled at 95°C for 10 min in DTT-enriched SDS-loading buffer and analyzed by SDS-PAGE followed by immunoblotting as described above.
Protein Misfolding Cyclic Amplification (PMCA)-PMCA of PrP
Sc was conducted as reported previously (21). Briefly, brains from uninfected 4 -5-week-old Syrian gold hamsters were
The Effect of Salts on the Proteolytic Stability of PrP
Sc cold-homogenized in saline phosphate buffer with 1% Triton X-100 and 150 mM NaCl and centrifuged to remove debris. The supernatant was used as normal brain homogenate substrate for PrP Sc amplification. 10 l of PrP Sc (with or without 150 mM NaCl) were added to 90 l of normal brain homogenate, and then the mixture was serially diluted until 10 Ϫ10 . Each tube was supplemented with Teflon beads, and PMCA cycles were run for 42 h at 37°C in a microplate horn attached to a Q700 sonicator (QSonica). Settings included cycles of 20 s sonication at 250 watts followed by 29.6 min of incubation. Samples were submitted to PK digestion using 50 g/ml PK for 1 h at 37°C and 450 rpm agitation and then immunoblotted as described above.
Brain Preparations of Different Prion Strains-Brain homogenates (10% g/ml) of diseased brains from animals inoculated intracerebrally with different prion strains (263K and Hyper from hamster and ME7, RML, and 301C from mouse) were prepared in cold saline phosphate solution and centrifuged for 1 min at 800 ϫ g. Supernatants were ultracentrifuged at 150,000 ϫ g for 3 h at 4°C. Pellets were recovered and resuspended twice in 20 mM Tris-HCl, pH 7.4, in the presence or absence of 150 mM NaCl. Suspensions were protease-digested for 4 h at 37°C at different PK concentrations followed by immunoblotting.
RESULTS
PrP
Sc Becomes Protease-sensitive in the Absence of Salt-To enrich our samples in undigested PrP Sc , we modified a previously reported protocol to purify prions from diseased brains (21) by removing the proteolytic step and adding extra washes with the nondenaturing ionic detergent sarkosyl to remove nonspecifically bound contaminants. Without protease treatment, this procedure allowed us to purify PrP Sc in the presence or absence of salts without affecting its yield. The "salt-free" PrP Sc (sfPrP Sc ) sample was purified in solutions containing buffers without NaCl from the beginning to avoid carrying salts from the brain homogenate throughout the procedure.
Previous results showed that the ionic strength alters the proteolytic resistance of PrP Sc molecules (19) . We investigated the effect of salt on PrP Sc protease resistance using different concentrations of PK (Fig. 1) . As expected, PrP Sc in the presence of physiological concentrations of NaCl showed great resistance to protease digestion even until 1 mg/ml PK (Fig. 1A) Conversely, salt-free PrP Sc sample was readily digested under these conditions (Fig. 1A) . To determine whether the absence of salts completely abolished the formation of PrPres, we incubated PrP Sc and sfPrP Sc at very low concentrations of protease (Fig. 1B) . Interestingly, the typical signal associated with PrPres (exhibiting higher electrophoretical mobility as compared with full-length PrP) appeared in both samples at PK concentrations lower than 100 g/ml. This result suggests that the absence of sodium chloride makes PrP Sc less resistant to PK digestion, but does not alter the cleavage site of the protein. The use of 3F4 anti-PrP antibody that recognizes the middle sequence region of PrP will not detect proteolytic fragments of lower molecular weight, which may appear at higher concentrations of protease. To test this idea, we probed our blots using the C-terminal anti-PrP antibody R20 and found no signal, confirming the total absence of detectable sfPrP Sc fragments upon digestion with high PK concentrations (data not shown).
We then checked the salt-mediated interconvertibility between protease-resistant and -sensitive forms of PrP Sc by extensively dialyzing PrP Sc against salt-free buffer solution while adding concentrated NaCl to sfPrP Sc . Desalting PrP Sc resulted in a near identical profile of proteolytic stability to that exhibited by sfPrP Sc that significantly deviated from the pattern obtained with salt-containing PrP Sc , suggesting that the process is reversible (Fig. 2A) . On the other hand, we added increasing concentrations of NaCl to sfPrP Sc and studied the resistance to PK at the highest protease concentration that showed PrPres signal (1 mg/ml, Fig. 1A) . The results showed that PrP Sc progressively acquired resistance to PK digestion starting at around 75 mM NaCl, and the extent of protease resistance was directly proportional to the salt concentration (Fig. 2B) . These results suggest that protease-sensitive and -resistant isoforms of PrP Sc are interchangeable and that the proportion of them is highly dependent on the salt concentration. To rule out the interference of salts on PK activity, we performed protease digestion assays in the absence or presence of NaCl using natively folded recPrP (hamster PrP) purified from bacteria. We found that PK was able to digest recPrP with the same efficiency regardless of the salt content (Fig. 3) . Sc resistance to proteolytic degradation depends on NaCl concentration. PrP Sc was purified from diseased brains in the absence or presence of 150 mM NaCl (see "Experimental Procedures"). A and B, equal amounts of both PrP Sc samples were submitted to proteolytic treatment in different reactions using high (A) and low (B) concentration ranges of PK for 4 h at 37°C with agitation at 600 rpm. Immunoblotting was conducted using 3F4 antibody. Molecular sizes of protein standards are indicated on the left of each panel.
Salt Changes Size Distribution of PrP Sc Aggregates-PrP
Sc consists of an ensemble of particles with a broad range of sizes, ranging from small oligomers (ϳ400 kDa) to large aggregates with an estimated molecular size of Ͼ15 MDa (12, 23) . Oligomers have been typically thought as less stable and more protease-sensitive than their higher molecular weight counterparts (12, 17) . To study whether the changes in protease sensitivity induced by different salt concentrations were associated with salt-dependent size shifts, we analyzed the density-associated size distribution of PrP Sc and sfPrP Sc by equilibrium sedimentation fractionation using sucrose gradients. This technique has proven useful in isolating PrP Sc oligomers of distinct size that were shown to be highly infectious in animal models (12, 18, 23) . The results showed that both PrP Sc and sfPrP Sc were distributed mostly among highly dense portions of the gradient, spanning from fractions 9 to 15 (Fig. 4) . To our surprise, however, sfPrP Sc showed a shift toward higher density fractions, suggesting the presence of significantly bigger species. Indeed, although salted PrP Sc peaked in fraction 12 ( Fig. 4A ), corresponding to an estimated size of 11 MDa (as estimated by using molecular size standards), sfPrP Sc showed a peak at fraction 15 ( Fig. 4B) , indicating a size larger than 15 MDa. Interestingly, when 150 mM NaCl was added to sfPrP Sc , the size distribution shifted to a lower molecular weight (peak in fraction 13), showing a pattern closer to that obtained when the protein was originally prepared in the presence of salt (Fig. 4C) . Overall, these results suggest that the salt-dependent effects on PrP Sc protease resistance are associated with changes on the size distribution of the particles, but surprisingly, the conditions promoting increase in protease resistance lead to a smaller size of aggregates. As with the studies with protease resistance, the saltinduced changes on PrP Sc size distribution were reversible.
Salt-dependent Sensitivity of PrP
Sc to Proteolytic Digestion Is Not NaCl-specific-PrP primary sequence has many charged residues that can be affected by surrounding ionic species. To assess the specificity of Na ϩ and Cl Ϫ on the observed effects on protease resistance, we enriched sfPrP Sc with different salts and performed protease digestion assays (Fig. 5) . We initially maintained the sodium cation and replace chloride by bromide (NaBr) or fluoride (NaF). We observed that in the presence of these salts, protease resistance was reestablished to similar levels as those observed for NaCl. When keeping chloride and Sc purified in the absence of salts was supplemented with different concentrations of NaCl (0, 1, 10, 30, 75, 150, 500, and 1000 mM), and samples were submitted to protease digestion at 1000 g/ml for 4 h at 37°C with 600 rpm agitation. FIGURE 3. PK activity is not altered by the NaCl concentration. The effect of NaCl on the intrinsic activity of PK was assessed using purified hamster recPrP as substrate. Soluble, folded recPrP was dialyzed for 4 h at room temperature and supplemented with different concentrations of NaCl ranging from 0 to 1000 mM. Samples were treated with increasing PK concentrations at 37°C for 30 min at 600 rpm agitation. PK-digested samples were immunoblotted as specified under "Experimental Procedures."
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Sc replacing the sodium cation by potassium (KCl) or calcium (CaCl 2 ), we observed a smaller, but detectable effect only in the case of KCl. CaCl 2 seemed not to be competent in promoting PrP Sc protease resistance. At present the reason why this salt does not induce the protease-resistant state of PrP Sc is unknown. However, it needs to be mentioned that calcium is a known activator of proteinase K (24).
The Absence of Salts Does Not Modify the Self-propagation Ability of PrP Sc in Vitro-To test whether the presence of salts irreversibly alters PrP
Sc ability to self-propagate, we performed experiments using the PMCA technique (5) . PMCA has been shown to recapitulate key aspects of prion biology, such as indefinite propagation of inoculum infectivity in vitro (6, 25) as well as high fidelity of prion strain replication (26) . We ran PMCA experiments using PrP Sc and sfPrP Sc as inoculums and normal hamster brain homogenate as substrate. We performed one round of amplification of serially diluted inoculums and observed that both samples were amplified equally well (Fig. 6) , suggesting that salts do not alter the hallmark property of prion self-replication. However, because the PMCA reaction was done in the presence of NaCl, we cannot rule out that removal of salt altered the prion replication capacity of sfPrP Sc , which was reverted after the addition of NaCl during PMCA. Nevertheless, the data indicate that any alteration of seeding activity in the absence of salt would be reversible.
Salt Modulation of PrP Sc Sensitivity to Proteolysis Is Not Prion
Strain-dependent-Co-factor molecules have been proposed to have relevant roles on PrP aggregation and prion propagation (8, 9) . Recently, several groups have shown that different prion strains react differentially to the presence or absence of several co-factor molecules in PMCA experiments (27, 28) . To evaluate the strain specificity with respect to the effects of salts on PrP Sc proteolysis, we analyzed two additional prion strains from hamster and three from mouse. Before protease digestion, brain homogenates of these strains were centrifuged and washed to decrease the salt content from the brains. As shown in Fig. 7 , the absence of NaCl markedly increased the sensitivity to PK digestion of Hyper prion strain (from hamster) in a similar manner to that observed with the 263K strain. When the same treatment was applied to three different prion strains from mouse (ME7, RML, and 301C), we observed similar results (Fig. 7) . These data strongly suggest that salt-dependent modulation of protease resistance of PrP Sc is species-and prion strain-independent. Sc purified in the absence of salt was supplemented with sodium bromide (NaBr), sodium chloride (NaCl), calcium chloride (CaCl 2 ), or potassium chloride (KCl) at 150 mM and sodium fluoride (NaF) at 96 mM (saturation at the reaction temperature). Reactions were submitted to protease digestion (1000 g/ml PK) followed by immunoblotting. FIGURE 6 . In vitro replication of PrP Sc by PMCA. PrP Sc purified with or without 150 mM NaCl was serially diluted into normal brain homogenate and used as inoculum for seeding PMCA as described under "Experimental Procedures." Tubes were incubated for 42 h (84 PMCA cycles), and samples were treated with PK except for the normal brain homogenate (NBH) used as a migration control.
DISCUSSION
It is generally thought that once prions are formed, they adopt a very stable state that makes them highly invulnerable to typical decontamination procedures such as high temperature and alcohol treatments, among others (29 -31) . This stability is classically reflected by the strong resistance to proteolytic digestion exhibited by most known prion strains. The biochemical discrimination of prions from their normally folded counterpart is typically performed by protease treatment, taking into account that PrP C is highly sensitive to protease digestion as compared with PrP Sc . Furthermore, proteolytic treatment of PrP Sc yields a lower molecular weight fragment that is the actual protease-resistant segment within the PrP sequence and can therefore be easily identified through electrophoretic mobility. This hallmark feature has been widely exploited for detecting prions in clinically relevant samples and for prion strain typing. However, various studies have reported the presence of protease-sensitive prions (sPrP Sc ) (17, 18, 32, 33) , which defies the classical view of prions as highly resistant to proteolysis. The existence of sPrP Sc complicates the biochemical detection of the infectious agent, which could constitute a potential healthrelated problem.
In this study, we showed that the salt concentration can greatly modulate the sensitivity of PrP Sc to proteolytic digestion. This effect did not alter other prion properties such as self-propagation and digestion profile and was observed in prions from various strains and species. In our hands, PK intrinsic activity is salt-insensitive toward recPrP at the concentrations utilized in the present experiments (Fig. 3) , which suggests that the effects of NaCl are most likely exerted at the level of PrP Sc rather than to the protease itself. This was also confirmed by Nishina et al. (19) through quantitative measurement of PK activity on chromogenic model peptides at different NaCl concentrations. We also ruled out that the effects of salts are due to differences in initial concentration between PrP Sc and sfPrP Sc because their levels were always equilibrated before starting each reaction. The fact that sfPrP Sc still exhibited protease resistance at lower PK concentrations indicates that this feature is not abolished in the absence of salts, but rather modulated to different extents. The PK digestion profile and approximate cleavage site on PrP Sc were also unaffected by NaCl, indicating that salts do not seem to structurally modify PrP Sc architecture. This is not surprising because NaCl is a rather neutral salt with little to no denaturing capabilities. The only known salts to have deleterious effects on prions are those with strong denaturant properties, such as guanidine hydrochloride and guanidine thiocyanate. In these cases, total denaturation of prions is typically an irreversible process (34) . Both sfPrP Sc and PrP Sc were shown to be interconvertible by means of adding/removing salts. In our hands, this effect was very reproducible, and it happened fast. The rapid reversibility between sfPrP Sc and PrP Sc states, observed during our experiments, further indicates that no large changes at the conformational level affect PrP Sc when in the presence/absence of salts. A possible mechanism by which salts can alter PrP Sc protease resistance is through modification of its size distribution, thereby indirectly affecting their PK sensitivity by shifting PrP Sc toward more oligomeric, protease-sensitive particles (18) . Fractionation experiments using sedimentation analysis initially allowed the isolation of aggregates with distinct sizes that exhibited differential resistance to protease treatment (17, 18) . Some of these fractions were particularly sensitive to proteases and were called protease-sensitive PrP Sc (sPrP Sc ). These experiments indicate that sPrP Sc is a subpopulation within the PrP Sc aggregate continuum. To our surprise, we found that removing salts actually increased the size of the aggregates. A possible explanation for this result may lie in the highly charged nature of the PrP sequence. In the absence of salts, attractive electrostatic groups can easily interact with each other and form larger particles, whereas in the presence of salts, shielding effects of ions affecting exposed PrP Sc charged surfaces may counteract potential particle attractions. However, it is unclear whether the changes observed in the size distribution of PrP Sc particles explain satisfactorily the increased protease sensitivity of sfPrP Sc . Another possibility is that some salts may partially stabilize PrP Sc particles at specific concentration ranges. While assessing the effect of different salts on protease digestion, we found that supplementing sfPrP Sc with NaF gave a slightly higher PKresistant signal than with NaCl, whereas treatment with NaBr yielded a lower signal. In the context of the Hofmeister series, the stabilizing effects of these anions would be in decreasing order F Ϫ Ͼ Cl Ϫ Ͼ Br Ϫ , which matches the intensity of the signals observed in our data (Fig. 5) . We also observed that calcium did not reestablish PrP Sc protease resistance. Interestingly, calcium is known to be a highly destabilizing cation within the series, whereas in addition being an activator of PK activity (24) . We previously found that NaF efficiently promoted the conversion of recPrP to a PrP Sc -like state, probably by salting-out effects (20) . Although the concentrations used in that work were higher than those reported here, a similar saltbased stabilization mechanism may be operating with PrP Sc , and additional experiments are ongoing to explore this scenario.
Our findings indicate that the protease resistance of PrP Sc is not an intrinsic property of the infectious agent, but it actually depends upon the environmental conditions in the solution. This conclusion has many important practical implications. (i) The biological clearance of PrP Sc , at least through proteolytic removal, may be highly dependent on local environmental conditions; (ii) detection of PrP Sc by means of analyzing the amount of protein remaining after protease digestion might be inaccurate and dependent on the experimental conditions used FIGURE 7 . Effect of salts on protease resistance of PrP Sc obtained from different prion strains and species. Two different prion strains from hamster (263K and Hyper) and three from mouse (ME7, RML, and 301C) were assayed for protease resistance in the presence (ϩ) or absence (Ϫ) of 150 mM NaCl. Samples were PK-digested for 4 h at 37°C at protease concentrations optimal for detectability of each prion strain: 600 g/ml (263K, Hyper, and 301C) and 200 g/ml (ME7 and RML). Dotted lines separate samples that are coming from different blots.
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Sc to prepare the material; (iii) characterization and typing of prion strains through protease sensitivity studies has to be done carefully and controlling the solution conditions, particularly the ionic strength; and (iv) our data may open a new target for prion treatment by identifying molecules altering PrP Sc protease resistance under physiological conditions, which could be used to decrease prion stability in vivo.
The fact that changes in the concentration of such a simple molecule as NaCl can dramatically alter PrP Sc sensitivity to protease digestion suggests that this classical feature of PrP Sc may be more labile than previously thought. It is possible to speculate that other, yet unknown, physiologic factors may have a similar effect in vivo. Identification of such factors may be important to understand the mechanisms controlling the biological stability and clearance of prions.
